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AN INVESTIGATION IN THIS MSFC TWT TO DETERMINE SPOILER 


EFFECTS ON WING LOADS AND ELEVON HINGE MOMENTS 


UTILIZING 0.004-SCALE MODELS (77-0 AND 74-OTS) OF THE 


SHUTTLE VEHICLE 5 CONFIGURATION (1A125) 


by E. C. Allen, Rockwell International 


ABSTRACT 


This report presents information for wind tunnel tests (IA125) of 


a 0.004-scale orbiter, external tank, and sol d rocket motor integrated 


vehicle model (77-0 and 74-OTS) in the MSFC Trisonic Wind Tunnel. 


These tests were conducted in support of MCR's 1344 and 1346. Data 


from these tests provide spoiler effects on wing bending/torsion and 
Clevon hinge moments, elevon effectiveness data and the influence of 
solid plumes from Mach numbers of 0.6 through 2.74 at angles of attack 


and sideslip from -10 through 10 degrees. 
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DEFINITION 


tank base area, in. 

; 2 
orbiter base area, in. 
SRB base area, in. 
reference span, in. 
mean aerodynamic chord, in. 
elevon reference length 
center of gravity 


tank base axial force coefficient 


orbiter base axial force component 
coefficient 


SRB base axial force coefficient 
forebody axial force coefficient 

total axial force coefficient 

wing root bending moment coefficient 
inboard elevon hinge moment coefficient 
outboard elevon hinge moment coefficient 


roljJing moment coefficient in body axis 
system 


pitching moment coefficient 


pitching moment coefficient due to 
body flap 


uncorrected pitching moment coefficient 
outboard elevon hinge moment 


inboard elevon hinge moment 
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NOMENCLATURE (Continued) 


DEFINITION 


yawing moment coefficient in the body 
axis system 


normal force coefficient in the body 
axis system 


wing normal force coefficient 
body flap normal force coefficient 


normal force component coefficient of 
orbiter base drag 


unccrrected ncvmal force coefficient 
body flap base pressure coefficient 
tank base pressure coefficient 
orbiter base pressure coefficient 
SRB base pressure coefficient 


side force coefficient (body or stability 
axis system) 


wing torsion moment coeffictent 


incremental forebody axial force 
coefficient due to elevon deflection 


incremental total axial force coefficient 
due to elevon deflection 


incremental rolling moment coefficient 
due to elevon deflection 


incremental pitching moment coefficient 
due to elevon deflection 


incremental yawing moment coefficient 
due to elevon deflection 


average orbiter base slant angle 
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DEFINITION 
é 
incremental normal force coefficient 4 
due to elevon deflection ms) 
"4 
incremental side force coefficient due oF 
to elevon deflection 4 
axial force, lb. : 
£ 
normal force, lb. i 
. 
wing normal force, 1b. ly 
side force, Ib. . 
% 
orbiter/ET incidence angle ue 
reference length, in. : i 
1 « 
Mach Number iy 
7 
moment reference puint ; 
moment reference point on x-axis : 
: 
moment reference point on y-axis $ 
moment reference point on z-axis : 
wing bending moment, in.-ib. 2 
4 
wing torsion moment, in.-lb. i 
3 
rolling moment in the body axis system, fe 
In-lb. t? 
i 
pltching moment in the body (or stability) 4 
axis system, in.-lb. : 
yawing moment in the body axis system, 3 
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NOMENCLATURE (Continued) : 
PLOT ‘ 
SYMBOL -- SYMBOL DEFINITION : 
P Static pressure, 7s. : 
P body flap base , *es- ure er 
bye ¥ P b 4 
Ph. tank base pressure ; 
Pho orbiter base pressure : 
4 
Pb, SRB base pressure * 
Py total pressure, psi : 
; 
q Q(PSL) dynamic pressure, psi : 
RN/I, RN/L Reynolds number per unit length, : 
million/ft. 3-2 
Srof REFS reference area, in.4 : 
f . F 
Sbfref BFREFS body flap reference area, in. : 
: ~ ¥ 
: yo 
z T temperature temperature, °F f . 
' j ; 
; Xo orbiter longitudinal station — 
| =. 
A Yo orbiter lateral station : 
t a ALPHA angle~of-attack, angle between the ; : 
projection of the wind Xw-axis on the le. 
‘ body X, Z-plane and the body X-axis; deg. .- = 
B BETA sideslip angle, angle between the wind . 
Xwr-axis and the projection of this axis 
: on the body X, Z-plane; deg. 
| 6 control su race deflection angle, deg. 
54 AILRON alleron - left aileron trailing edge down ; 
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Zo orbiter vertical station z : 
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SYMBOL 


BDF LAP 
ELV-IL 
ELV-OL 
ELV-1R 
ELV-OR 
SP DBRK 


RUDDER 


SPOTLR 


NOMENCLATURE - (Continu2d) 


DEFINITION 


body flap deflection angle 

left inboard elevon deflection angle 
left outboard elevyon deflection angle 
right inboard elevon deflection angle 
right vuutboard elevon deflection angle 
speed brake 

rudder -— trailing eage left 


elevon flipper door deflection 


Definition 
tank hase 
body flap 
orbiter base 
SRB base 
total conditions 
wind 
reference conditions 


free stream conditions 
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INTRODUCTION 


This report presents data obtained in an investigation of the 
9.004 scale model of the Shuttle Vehicle 5 configuration. The primary 
ohbiective of the test was to evaluate mid-span elevon flipper door 
(used as a spoiler) effects on wing bending/torsion and elevon hinge 
moments during the Launch phase of flight. A second objective of the 
test was to obtain etevon effectiveness data in expanded matrix form 
for elevon and wing load relief studies in support of MCR's 1344 and 
1346. Additional data were ontained on the first and secund stage 
configurations at Mach 4.48 with and without solid simulated SSME 
plumes at angles-of-attack frum zero to 20 degrees. 

For the wing loads por¢tion of the test, the tank of the mated 
vehicle model was mounted on the sting-balance combination. The right 
wing is balance mounted to the orbiter and provides wing normal force 
and bending and torsion muments. For that portion of the test which 
provided plume data and elevon hinge moments and elevon effectiveness 
data, the orbiter of the mated vehicle model was mounted on the sting- 
balance combination. The in-board and out- board elevens of the left 


wing, were balance mounted to provide hinge moments. 
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MODEL DESCRIPTION 


The model geometry (0.004--cale) is shown in Figure 2. Two orbiters 
were tested; one iS a stycast casting and the other is made of stainless 
steel. The ET and SRB's are made of stainless steel. 

The external tank of the mated vehicle model was mounted on the TWT 
239 balance while wing loads were being measured. For the cemainder of 
the test, the arbiter was mounted on the TWT 239 balance. In both cases, 
the palance was supported by the number 3 balance adapter and sting. The 
gtpiter was mounted to the tank at three points simulating the forward 
attach point and the two main fue) lines for the rear attach points. The 
SRB's were attached to the ET. The orbiter model had positionable split 
elevons, vudders, speed brakes, and body flaps. For this test only the 
felt wing inboard and outboard clevons were deflected. Semi-span elevon 
flipper doors located at a mid-span position were tested at 20 and 40 
degree deflection angples. 

Solid SSME plumes were fabricated and tested at M=4.48. The plume 
table of coordinates are listed tn Vable LV and an installation photograph 


is shown in Figure 3. 


The right wing of the stvcast orbiter ‘nodel was balance mounted to 
the body and measured wing norma] force, root bending and torsion moments. 
The elevon for the left wing of the steel orbiter model was split and the 
inboard and outboard sections were both instrumented to provide hinge 
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The model was fabricated in conformance with the Lines drawings 


as Listed below: 

Orbiter 
Forward Body and Cabin 
Mid~body-wing/glove fairing 
Aft Body 
Vertical tail 
Wing tip 
OMS/RCS Pods 

Tank 


SRB 
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¥C70-000002 
VL70-000202C 
VL70-000200B8 
ViL70-000203 
VL70-000146A 
VL70-006092 
VL70~-008410 ,008401 
VC78-000002B 


VC77~-0000028B 
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CONF IGURATTONS INVESTIGATED 


The following nomenclature has been used to designate model parts. 
Model dimensional cata sheets defining the various configuration 


designators are presented in Table ITT. 


Component Definition 
, Orbiter 

B62 fuselage — per VL70-000200B, 202C, and 
203 

C12 canopy ~ per VL70-000202C 

B52 elevon, 6" pap - per VL70-000200, 
00608, 006092 

¥10 body flap - per VL70—-000200B 

M16 OMS pods - per VL/0-008410, 008401 

N28 OMS nozzle - per VL70-008457 

R5 rudder - per VL70-000146A 

V8 vertical - per VL70-000146A 

W127 wing - per VL/0-000200B 

“14 Elevon flipper door 

Tank 

AT16 attach structure, front ORB/ET - per 
SK-H-4011 

ATL? attach structure, left rear ORB/ET - 


per VL78-0000628 


AT18 attach structure, right rear ORB/ET - 
per VL? 8-000062B 
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Component 


FL5 


F[.6 


AT68 


AT69 


FRO 


FLY 
PT12 


PT13 


PT14 


PT20 


PS20 
PS9 


S22 
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Tank (Cont'd) 
LOX feed line ET/ORB - per VL78-000062A 
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Definition 


000062A 


pressure line ET/ORB - per VIL78- 


forward ORB/ET attach (i, =0°) - per 
LMSC dwg. R80084 


forward ORB/ET attach (i, = 1.5°) - 


per LMSC dwg. R80084 


umbilical door fairing support - per 
V1L78-000062A 


Lily Teed line ET/ORB - per VL78-000062A 
tank lightning rod - per VL78-000062A 


OX recirculation line - per 


V1L78-000062A 


LOX pressure Line - per VL78-000062A 


LOX pressure line and electrical conduit - 


per VL78-000062A 


tank —- per VL78-000041C 


attach rings and rear structural ring - 


per VL77-000066 


electrical tunnel - per VC77-000002 


tie down structure - per VL77-000066 


SRB baseline ~ per VC77-000002 


Tank Protuberances, Figure 4 
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The vartous configuration components are illustrated by figure as 
indicated below: 
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2) SKB Protuberances, Figure 5 
3) Flevon Flipper Doors, Figure 6 


Configurations and their test conditions are shown 
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TEST FACILITY DESCRIPTION 


The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is 
an intermittent blowdown tunnel which operates by high pressure air 
flowing from storage to either vacuum or atmospheric conditions. A 
Mach number range from .2 to 5.85 is covered by using two interchange- 
able test sections. ‘The trisonic section permits testing at Mach 0.20 
through 2.50 and the supersonic section permits testing at Mach 2.74 
through 5.85. Mach numbers between .2 and .9 are obtained by using a 
controllable diffuser. The range from .95 to 1.3 is achieved through 
the use of plenum suction and perforated walls. Mach numbers of 1.44, 
1.93 and 2.50 are produced by interchangeable sets of fixed contour 
nozzle blocks. Above Mach 2.50 a set of fixed contour nozzle blocks 
are tilted and translated automatically to produce any desired Mach 
number in .25 increments. 


Air is supolied to a 6000 cubic foot storage tank at approximately 


-40°F dew point and 500 psi. The compressor is a three-stage recipro- 
cating unit driven by a 1500 hp motor. 

p 

3 Tunnel flow is established and controlled with a servo-actuated 
gate valve. The controlled air flows through the valve diffuser into 
the stilling chamber and heat exchanger where the air temperature can 


be controlled from ambient to approximately 180°F. The air then passes 


throuyh the test section which contains the nozzle blocks and test 


region. 
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Downstream of the test section is a hydraulically controlled pitch 
sector that provides a total angle of attack range of 20° (+ 10°). 
Sting offsets are available for oblLaining various maximum angles of 


attack up to 90°. 
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DATA REDUCTION AND PRESENTATION 


All model forces and moments (measured by the balance 239) were 


resolved in the body axis system and presented in the form of non- 


dimensional coefficients. Data were corrected for weight tares and 


sling deflections. 


Coefficients were nondimensional as shown below. 


Main Balance Coefficients 





F 
N 
CNU = ref » nmermal force coefficient uncorrected 
for base pressure forces 
CN = CNy - CNBy - CNgp , normal force coefficient 
corrected for orbiter base 
pressure acting on the 
orbiter base and body flap 
rk 
CA = ee, total axial force coefficient. 
ref 
CAF = CAT - GARg - CABS - CAB, , forebody axial force 
coefficient. 
Fy 
CY St tem 8 side force coefficient 
| Wr ef 
M 
_ y » pitching moment coefficient un- 
CLMU) = ~ 
Sref'ye¢ corrected for hase pressure forces. 
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| | Ko 
(11M = Cny + CNB, moe oe -+ CN a pe Q .. aad CAB, Sag yo 9 


CLMBF = CNpE 


M, 
CYN = 


Mx 
CB. ee a 


; = = GPR 
CNBO 0 
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CNBF ~ CPBpp 


CABO = - CPB, 


tt 


CABS - CPBg 


CABE o = CPBE 


. gv" 
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ref “ref 


qS of Lref 


ref ref tae 


pitching moment coefficient corrected 
for orbiter base pressure acting on the 
orbiter base and body flap. 


X 
Z » pitching moment coefficient due 


ref due to body flap 


» yawing moment coefficient 


- , rolling moment coefficient 


Oo tan ts normal force component 
coefficient of orbiter 


“ret 
base drag 

“bf 
eee Ss ae , body flap upper surface 
ref normal force coefficient 
Ab 
—~ » Xtal force component coefficient 
Srel of orbiter base drag 
A 

ld. 
ar , SRB base axial force coefficient 
we a 5, 


A 
san , tank base axial force coefficient 
ref 


18 


A 
i 


Py 
i 
tf 


a 
“Sg Sa oe, ee 


oe “oR 


how . 4, 
i a Semtag © ed 
1 


~ te 


ve 


co ae 


% o 
re ll V4, ade, 
1 


Te RN ON OF, 


* 
ee ee 


t! 





Wing Balance 


Ce i i i ee 


where: 


CPBO 


CPBS 


CPBE 


CPBBF 


lt 


Ppa = Pe 


q 


Pbbe eae” 


q 


14° - 45" , 


5.052 in., 


9.319 in., 


1.344 in., 


, orbiter base pressure 
coefficient 


» SRB base pressure coefficient 


,» tank base pressure coefficient 


» body flap upper surface 
pressure coefficient 
average orbiter base slant angle 


axial moment arm for orbiter base 
drag 


axial moment arm for body rlap 


vertical moment arm for orbiter 
base drag 


For balance location with respect to the MRP, see 
Figure 2. 








Coefficients 
F 
N 
CNW = W 
Vr of 
"By 
CBW = 


ror ret 


» wing normal force coefficient 


» Wing root bending moment coefficient 


for YMRP @Y, = 105 in. 
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Wing Balance Coefficients (Continued) eee 
i 
Men 
’ a ’ . - «4 
CTW = AES] » wing torsion moment coefficient ¢ 
ds ref ¢ : 
4 
for XMRP @ Ko = 1307 in. 
toy 
Elevon Hinge Moments : 
: 
Qutboard 
HM no 4 
CHEO = ee i 
qs « t 
i Cref “e - 
Where: CHEOQ = outboard elevon hinge moment coefficient y 
IM, = outboard elevon hinge moment ‘ 
* 
SS = elevon reference area . 
4 
ret 7 
‘ 
Cc = olevon reference length 
«? 
; 
Inboard ‘ 
HM, | 
CHL = ac oe : 
q: Cret ¢ c 
where; CHET = inboard elevon hinge moment coefficient ; 
ye 
HMO = inboard elevon hinge moment 
b, 7 
be’ 
Poor 
20 > 

& 

b 

i 

é 

A 





tw iake: ota 


/ 


Model reference dimensions used in the data reduction are: 


PARAMETER 


Reference Areas 


Sref (wing) 


bf rot 


a 


ae 
Cref 


Log (body length) 


Reference Lengths 


c (m.a.c.) 


beap (wing span) 
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FULL SCALE 


2690.00 ft.° 


142.60 £t.2 


210.00 £t.2 


474.8 in. 
1290.3 in. 
1290.3 in. 


1199.8 in. 


90.7 in. 


2 
436.7 ft. 


597.6 ft. 
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MODEL SCALE 


6.198 
0.329 


0.484 


1.899 
5.161 
5.161 


4.799 


0.363 


1.006 
1.377 


1.089 
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TABLE 1 


TEST: JA-125 (IWT-6:22) 


TEST CONDITIONS 














REYNOLOS 


NUMBER 
(per foot) 


DOYNAMIC 


PRESSURE 
(pounds/ $q.inch) 






STAGNATION 


TEMPERATURE 
(degrees Fahrenheit ) 


STAGNATION 


PRESSURE 
( pounds /sq inch) 
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BALANCE UTILIZED: _MSEC 239 
CAPACITY: ACCURACY: el weed 
NF 200 Ibs. + 1.0 Ib. $0.15 
SF LOO t 0.5 lb, + 0. 08 
AF 50 lbs. +9. 25 Ih, + 0.04 
PM 197 in, lbs. + 1.0 in, db. $0.18 
RM 98 in. lbs, + 0.5 in. lb. t 0.09 
Yu 50 in. lbs. t 0, 2 in. lb. t 0,05 


COMME NTS: 


Accuracy based on + 0.5% of balance capacity. 


Tolerance based on q 


MSFC - Form 268-1 (Rev. Apel) 1978) 


10 psi. 
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MACY NUMBERS { OR ALTERNATE INDEPENDENT VARIABLE } 





TEST RUN NUMBERS 
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TABLE 111 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT ee ee ee, 


GENERAL DESCRIPTION : _ Configuration 140 C/D orbiter fuselage MC3 


<™ 


200 - Similar to ho sf é se ln PX reL 3 DOG 





DRAWING NUMBER ° 











DIMENSIONS: FULL SCALE MODEL SCALE 
Length (IML: Fwd Sta. X,=238),In. 1290.3 5.161. 
Length (OML: Fwd Sta X)=235), In-__1293.3 ss 5-273 
Mox Widih(@ X, = 1528.3), In. 264.0 1.056. 
Max Depth (@ X, = 1464), In. 250.0 1.000 
Fineness Ratio = | pag _ue99 
Area - Ft® ae | 

Max. Cross—Sectional 340.885 _0,0055 
Planform 

Wetted Fe a one RR 
Bose <i ctini a aero 


1 
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VL70-000140C, -000202C, 000205A, -000200B, -000203A. 
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TABLE J1t (Continued) 


MODEL DIMENSIONAL DATA 


! , / 
MODEL COMPONENT /—CANOPL = 0yq 


GENERAL DESCRIPTION : -SoaCtouratiolio c/Dashter saoone, viele 





MODEL SCALE: 0.004 


A re ey eneeteseaseenencnnrneniepnneeeeery 
DRAWING NUMBER’ _VL70-090140c, ~000202B, -000204 











DIMENSIONS : | FULL SCALE §_ MODEL SCALE 
Length (Xo= 434.643-578), in. 143.357 0.573 
Mox Width (@ X, = 513-127), In. __152.412 _ 0.610 
Max Depth (2, not to big, 39), 3 In. 51.61 0.206 
Fineness Ratio ae 
Area cm ene 
Mox. Cross—Sectiongl Cure ec oe dean ee 
Planform 
Wetted ‘ 
Base : | 
31 
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TABLE 11! (Continued) 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT: ELEVON - E62 


GENERAL DESCRIPTION: Split elevon, identical to E,3 except 


the Yg location of the mid-span elevon 


split line and gap width. 
MODEL SCALE: 0.004 
DRAWING No.: None 
DIMENSIONS: FULL SCALE 
Elevon Split: 
Right-hand at Y,, in. 296.00 
Left-hand at Y,, in. 288.00 
Elevon Gap 
Right-hand, in. 6.25 


Left-hand, in. 6.75 
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MODEL SCALE 


1.184 


1.152 
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0.027 
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TABLE THE (Cont fnued) 


3 MODEL DIMENSIONAL DATA 


MODEL COMPONENT :__ BODY FLAP = Fig 
GENERAL DESCRIPTION : _ Configuration 1uOCc/D body flan, Hingeline 


located at X_ = 1532, Z = 238. 





MODEL SCALE: 0.0040 


DRAWING NUMBER" .vL70-000140c, vi70-3551)' 


DIMENSIONS : : FULL SCALE | MODEL SCALE 


Length (X,=1525.5 to X,=1613),In.-AZ.50. L350 
Max Width (@ L.E., X, = 1525.5),In 258.0. OR 
Max Depth (X, = 1532), In. pane Kas (0). Ce 0.792 
| Fineness Ratio secant, | seuiseusace 


2 


Area - Ft SAE POTEET: Ry 


Mox. Cross-Sectional (@H.L.) WH 39,.96 ~~ 9.00056. 
Planform pea co emeweelalO22. 


Wetted Po a a ee a 
Bose (X, = 1613) hfe __0.000078 
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TABLE fit (Continued), 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT :__oMS POD = Mig 
GENERAL DESCRIPTION : __ Configuration 140C orbiter OMS pod = short 


pod. 








MODEL SCALE: 0.0040 





DRAWING NUMBER: .VL70-008401, VL70-008410 - plus 4" added to simlate TPS 


DIMENSIONS : 


FULL SCALE 


Length (OMS Fwd Sta X,=1310.5),In.—258.50 


Max Width(@ xX, = 1511), In. 


Mox Depth (@ X, = 1511), In. 
Fineness Ratio 
Area - rt= 


Max. Cross—Sectional 


Plonform 


Wetted 


Bose 


4 


’ : 
an os a OC er 


ee b's - ne 
74.70 
2 uA _ 


TTF 


ad 


"MODEL SCALE 
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TABLE [LI (Continued) 














3 MODEL DIMENSIONAL DATA 
MODEL COMPONENT: OMS NOZZLES - : 
GEWGRAL DESCHLPTION: _ Configuration 1h0A/B Orbiter OMS nozzles———___ 
MODEL SCALE: 0.0040 
DRAWING NUMBER: _VL70-Q00L40A (Location); SS-£00106, RFLFASE 5 (Contour) 
DIMENSIONS: = SUALE MODEL SCALE 
MACH NO. 
Length - In. 
Gimbal Point to Exit Plane 
Throat to Exit Plane 
Diameter - In. 
Exit oe ae 
Throat ELE a ee eee 
Inlet 
rea - rt= 
Exit eee 
Throat ‘ 
Gimbal Point (Siation) - In. 
Uonemtionwia Left Nozzle 
xX - . 1518.0. 6,072. 
Y 288.0  =0.352. 
é 49.0  # __1.968 
Right 
Ybower Nozzles 
x ~1518.00 4.072. _ 
z aes, eer 
Zz = er 
Null Position - Deg. . 
sail ae tac ae 
tch 15 ho 15°! 
Yaw ; 12°17! 12°17! = 
night 
+fS4e Nosxle | 
Pitch 15°49! 0 : 
Yaw }2 es 12717' __ 
Sy 
Re ae ~ 2. aoe ye eae See gare “ . , ee . eed PRUE 5 0c VA 0-45 item ‘an osha lla lenin ita NA a 


oe i 2a tae y 


MODEL DIMENS FONAL DATA 


MODLL COMPONINT: | _R5S - Rudder 


een Eee aaa 


GENERAL DESCRIPTION: 2A and 3 configuration per Rockwell lines 
VL70-00009%5 and VIL70-000139 


(— = as 


Scale Model = .004 / 
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VL70-000139 








DRAWING NUMBER: VL70-000095 

DIMENSIONS: FULL-SCALE MODEL SCALE 
Area ~ Ft? 106.38 0.00170 
Span (equivalent) ~ IN, 201.0 , 0.8040 
Inb'd equivalent chord 91.585 0.36634 
Outb'd equivalent chord 50.833 0.20333 


Ratio movable surface chord/ 
total surface chord 


At inb'd equiv. chord 0,400 0.400 
At Outb'd equiv. chord 0.400 0.400 





Sweep Back Angles, degrees 


Leading Edge __ 34.83 34.83 

Tailing Edge __ 26,25 26.25 

Hingeline 34.83 34.83 
Arca Momen* (Normal to hinge line) Ft3 _ 526.13 0.00003 


Product of area and mean chord 
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= TABLE LL! (Continued) 
2 MODEL DIMENSIONAL DATA 
MODEL COMPONENT: VERTICAL - V 9 | 
GENERAL DESCRIPTION: Configuration 1hoc/D arbiter vertical tail 
(identical to configuration 140A/B yertical tail). 
* MODEL SCALE: _ 0.0040 
: DRAWING NUMBER: __ YL70-000140c, -o001K6R_ 
‘ DIMENSIONS: | FULL SCALE MODEL SCALE 
TOTAL DATA 
r Area (Theo) - Ft® Sees ee ee 
: Planfora 13.253. 0.0068 
Span (Theo) - In. — 315.720. _1.263 
Aspect Ratio 1,675 a Ot 4, ae 
: Rate of Taper 0,507 20.507 2. 
Taper Ratio W—— 2.40% _O,404  . 
Sweep-Back Angles, Degrees. 
Leading Edge UDnkety AY 000 | 
* Trailing Edge 26.2... 26.2... 
0.25 Element Line 4} 330 L'> ee 0 ee 
Chords: 
' Root (Theo) ‘iP , 268.500 2,074 
- Tip (Theo) “P 208,470 _O.43k 
MAC 199.808 0,799... 
Fus. Sta. of .25 MAC 1463.50. —§,854 
W.P. of .25 MAC 635.922. _2.5h2 
B.L. of 25 MAC = 0.0900 0,000 
Airfoil Section 
Leading, Wedge sngle - Deg. 10 .000 10. 
Trailing \Wedge Angle - Deg. 14,020 16.920 
Leading, Edge Radius 2.00 0,008 
Void ‘rea , 13.17.  _@,0002) _ 
Blanketed Area , 9.00 9.000 


= tu ta tat oe ~ 
day. 7 FAs Das Saeet S ters 
at ~~ . «4 2k 


co ple ee ay 


TABLE Fttl (Continued) 
MODEL DIMERS TONAL DATA 


- 


MODEL COMPONENT: WING-W... 





SEAT RAL DESCRIOTION: Conf spur fou whacsn arpiter sing, MCR ti 00 -By, similar Lo | 


Mas Ji wine 





wears 





‘ANT. Coat. OOO pte PO tS 





“GST ND. DWG. NO. VL70-000140C, -000200B me 
DIMENSIONS: FULL~SCALE MODEL SCALE 
TOTAL DATA 9 
—~~fArea cineo.) Ft 
Planform 2690 .00 0.083 : 
Snan (Theo In, 930.08 yi : 
Asnect Ratio 2.205 2.265 7 
Rate of Taper 1.177 1.177 : 
Taper Ratio 0.200 0.200 ; 
Dihedral Anaic, degrees 4.500 3.500 : 
Incidence Angle, degrees 0.500 * 0.509 © 
Aerodynanic Twist, degrees . 3.000 -009 
Sweep 3ack Angles, degrees i 
Leading Edge hS ora bs Q90 ; 
Trailing Edge ~ 10,055 10.054 é 
0.25 Element Line 35,.209_- 35.200 : 
Chords: 
Root ee B.P.00- 9) 2.757 
Tip, (Theo) B.P. 127.85 0.55) 
MAC ht 3 : L&c9 : 
Fus, Sta. of .25 MAC 3226.82 esky 
“WP. of 25 MAC 200 68 1.142 
B.L. of .25 MAC 182.23 0.729 
EXPOSED DATA 2 : 
Area Clneo) = Ft 76) 6 7.096 
Span, (Theo) In, BP103 720,68 2, 893 
Aspect Ratio 2.959 2.059. 
Taper Ratio 0,245 Q.2h5 . 
Chords oe : 
Root BP103 562,09 228 
Tip 1.00 b 137,05 0.55) 
MAC 209 8 7 1.60 
Fus, Sta, of .25 MAC 1285 08 eT ’ 
W.P. of 00D MAC 2 20 ea Pe 2 ae 
BeL. oF 225 MIC OL tl L007 
Airfoil Section (Rock:ell Mod NASA) ’ 
XXXX~64 — 
ig = : 0.113 0.1}.3 - 
Tip b ad 0.12 0.12 an 
V3 aoe te a aaa 
Data for (1) of (2) Sides 
Leading Edge Cuff 2 
Planform Area = Ft “Va. “ON, c 
Leading Edye Intersects Fus M. L. @ Sta 500.09 2 000 
Leading Edge Intersects Wing @ Sta LO2h 00 W096 


——™ sareaye anes ee area , “ : 1 ar 2) me x aa = = TE OE EEE 3 ele eT EY peeing mw 


nw ' . the es i Pp " 
Ate ry ~ 4 te oe manos = : \. 4 At) 
A 

ferey. g 

"t “TABLE Lf) (Continued) : 

| MODEL DIMENSIONAL DATA : 


MODEL COMPONENT: SPOILER ~ 2), 


GENERAL DESCRIPTION: Elevon flipper door spoiler - Inboard (Midspan) 





4 i Oe 
MODEL SCALE: 0.0040 ; 
DRAWING NO.: NONE Ss & 
DIMENSIONS: FULL SCALE MODEL SCALE 
Inboard Station: 4 
Leading edge @ Xp 1366.37 5 NAS 
Trailing edge ® Xo 1401.57 __ 5 604 
Trailing edge @ Yo 219.06 0.876 
Span 186.44 0.746 
; 
} 
REPRODUCIBILITY OF THE | 
ORIGINA}, PAGE FF 
s e 
39 
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TABLE tii CGontinued ) 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT: ATTACH STRUCTURE - AT)6 


/ 


GENERAL DESCRIPTION: Forward orbiter/ET attach structure (2 member structure) 


~ 


| 
MODEL SCALE: 0.0040 MODEL DRAWING: SS-A00117 


DRAWING NO.: VL78-000062B, SK-H-4011 


DIMENSIONS: MEMBER FULL SCALE MODEL SCALE 
#1 Xo 394. 38 1.578 
Yo 0.00 0.00 
Zo LWR ML LWR ML 
Xp 1131.00 | 4. 52h 
Yr 561.298 0.187 
or 561.298 2.245 
#2 Xo 394. 36 1.578 
Yo O ) 
Ze LWR ML LWR ML 
Xp 1131.00 452k 
Yr - 46.8 - 0.187 
ay 561.298 2.2k5 
Diameter of members; (In.) 5.70 0.0228 


Atty 
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TABLE [LI (Continued) 


[. MODEL DIMENSIONAL DATA 
MODEL COMPONENT: ATTACH STRUCTURE - AT) 7 


« : / 
GENERAL DESCRIPTION: Left rear orbiter/ST attach structure (2 member 





structure) | | 


MODEL SCALE: 0.004 jf 


f 


DRAWING NO.: VL78-000062B, SK-H-4013. MODEL DRAWING: SS-AQO117 


Fs 
aT 
A 
ra 
x! 
ai 

a ht 
= 
« 
iw 

ry 

“x 

: 

: 

% 

“a ! 
« 
' 


| 
: DIMENSIONS: MEMBER FULL SCALE MODEL SCALE 
: # | fi X, 1327 5.258 
| Y, - 96.5 -0.386 
: Z,, 267.5 1.070 
Xe 2058.0 - 8.232 
Yp = :325.827 0.503 
: Zan 515.5 2.062 
7 #2 X, 1317.0 5.258 
| Y= 96.5 -0.386 
Z,, 267.5 1.070 
Xn 2058.0 8.232 
Yen - 125.827 -0.503 
an 515.5 2.062 


Diameter of Members: #1 11.5 In. Dia. F.S. 


#2 15.5 In. Dia. F.S. 
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TABLE LLL (Continued) 


MODEL DIMENSIONAL DATA 


SODEL COMPONENT: ATTACH STRUCTURE - AT) 8 


GENERAL DESCRIPTION: Right rear orbiter/ET attach structure (3 member 


structure ) 
MODEL SCALE: 0.004 


DRAWING NO.: VL7&-0000E2B, SK-H-:013 


DIMENSIONS: | MEMBER FULL SCALE 
#1 X,, 1317.00 
i. + 96.5 
Z, 267.5 
Xp 1872.0 
Yip + 125.827 
ap 515.5 
#2 Xe 1317.0 
X65 + 96.5 
ra 267.5 
a 2058.0 
Ym + 125.827 
Lop 915.5 
#3 Xo 1317.0 
x, Sik 40 
Z 19.30 
Xp 2058.0 
Xp 2.5 
Qn 567.6 
Dinmcter of Members; (In.) #1 15.5 
#e 11.5 
#3 4.5 
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MODEL DRAWING: 5S5-400117 


MODEL SCALE 
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TABLE TET (Continued) 


MODEL DIMENSIONAJ. DATA 


MODEL COMPONENT: FEEDLINE - FLes 


a ‘ . 7 FF 
* 4 Ae tph ape = YT ae ee SY Lz 


GENERAL DESCRIPTION: LOX feedline simulated Letween ET and Orbiter. 


MODEL SCALE: 0.0040 


DRAWING NO.: VL78-000062B 
DIMENSIONS: 


Leading edge at: 


Trailing edge at: 


Diameter, In. 


MODEL DRAWING: 


FULL SCALE 
1033-3 
70.0 
1033.3 
- 70.0 
2071.50 
70.00 
2071.50 
70 .00 
18.80 


Centerline of LOX feedline located radially at ™ = 23°2' 
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SS-A00117 


MODEL SCALE 


4.132 
0.280 
4.132 
- 0.280 
8.286 
0.280 
8.286 
0.280 
0.188 


TABLE FEE (Cont tinued) 





MODEL DIMENSIONAL DATA | : 


MODEL COMPONENT: PRESSURE LINE - Fl¢ 


GENERAL DESCRIPTION: Max. cross-sectional area simulating LHo pressure 


line and electrical conduit box between ET and Orbiter. j 


/ 


i 


MODEL SCALE: 0.0040 


DRAWING NO.: VL78-000062B MODEL DRAWING: SS-A0O117 
DIMENSIONS: FULL SCALE MODEL SCALE 
Leading edge at: Xm 1127.1 4.508 
Yr 110.3 0.442 
Trailing edge at: Xr 2062.1 | 8.248 
Yq 110.3 0.441 





Centerline of LH pressure line located radially at gp = 33°45'. 
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TABLE JIT (Cont tinued) 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT: ATTACH STRUCTURE - ATés 


GENERAL DESCRIPTION: Forward ET/orbditer uttach, 74-0 model, vertical 


Single post attach member. 


MODEL SCALE: 0.0040 — 
DRAWING NO.: VL78-000062B 


DIMENSIONS: 


Zp (Attach Point on Tank) 


Diameter, Inches 


Height of Member (distance between top 
centerline of tank and bottom centerline 
of orbiter), In. 


oth ry ’ 16 r] ‘ 4 “ iad 


: ‘ 
Aa ee 
i eo anbey a, Yad : ay 


FULL SCALE MODEL SCALE 
388.15 1.5§ 





0.0 0.0 
IM,  sLML 
1129.9 4.520 
0.0 0.0 
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TABLE J!) (Continued) : ’ 
MODEL DIMENSIONAL DSTA 
MODEL COMPONENT: ATTACH STRUCTURE - ATZg | 
GENERAL DESCRIMfION: Forward ET/orbitcr attach, model 74-0, vertical | 
/ 
Single post attach member. 
MODEL SCALE: 0.0040 - 
DRAWING NO.; VL78-000062B 
DIMENSIONS: FULL SCALE MODEL SCALE ° 
Xo 388.15 1.553 
Xo 0.0 0.0 
Zo LML LML 
Xp 1129.9 4.520 
Xp 0.0 0.0 
Zp (Attach Point on Tunk) 565.2 2.2604 
Diameter, Inches 15.75 0.063 
Height of Member (distance between top center- 
line of tank and bottom centerline of 
orbiter), In. 24.45 0.098 
1aPRKODUCIBILITY OF ‘THE 
ORIGINAL PAGE IS POR 
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TABLE ITI (Continued) 


MODEI, DIMENSIONAL DATA 


MODEL COMPONENT: REAR ATTACH STRUCTURE FATMING - FR¢ j 


GENERAL DESCRIPTION: Rear ET/Orbiter attach structure cross-member or 
bean fairing used in conjunction with AT) o» AT) 3» FL, and FL,,- 
MODML SCALE: 0.0040 


DRAWING NO.: VL78-000062B MODEL DRAWING: SS-A01256 


DIMENSIONS: FULI SCALE MODEL SCALE 


Leading edge centerline at Xp 2036.67 8.147 


Ym 0.00 0.00 


A 183.00 0.732 


Maximum Length, In. 64.00 0.256 


Maximum width, In. 190.00 0.760 
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TABLE ELI (Contiiied): 
| } 
MODEL DIMENSIONAL DATA | ; 
_ i 
MODEL COMPONENT : Lia UMBILICAL FEEDLINE = Flg 000 : 
GENERAL DESCRIPTION . __Li, Umbilical Feedline with an electrical quick- ; 


disconnect box between the Orbiter and ET. 





ODED GG AEE 50 0 ; 
DRAWING NUMBER _ VL78-000062B 
DIMENSIONS : FULL SCALE MODEL SCALE 
Centerline at X Reese (6 3 a aa a —f.286. . 
Mox Width 2 0125 : 
Max Depth ___ 37-5 0.150 
Diameter eee gees Le a} EE sa 0 06022. 
Area en a 
Mox. Cross~Sectional Qa ERED ee 
Planform Ses ee eae ee i 
Wetted ee ee ee ee NO an OR 
Bose a eee a 
| . 
| 
4g i 
; 
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TABLE JTL (Continued) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT: ET PROTUBERANCE - PT,5 


GENERAL DESCRIPTION: Lightning rod attached to ET nose. 


MODEL SCALE: 0.004 

DRAWING NO.: VL78-000068A 

DIMENSIONS: FULL SCA7 MODEL SCALE 
Length | 30.90 0.12h 


Diameter, In. 3.20 0.013 
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TABLE LTE (Continued) 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT: ET PROTUBERANCE - Pr) 3 


GENIAL DESCKIPIION; Maximum cross-sectional area simulating LOX recirculation 


line and electrical conduit box on planform view of External Tank, T50- 


MODET, SCALE: 0.0040 MODEL DRAWING: SS-A00117 


DRAWING NO.: VL78-000062B 


DIMENSIONS: FULL SCALE MODEL SCALE 
Leading edge at: Xop . 1208.3 4.833 
Yr + 95.0 + 0.380 
Xr 1208.3  —-_-4. 833 
Yr - 95.0 - 0.360 
Trailing edge at: Xp 2060.5 8.2h2 
Yy 95.0 0. 380 
Xp 2060.5 8.2h2 
Yr - 95.0 - 0.360 


Centerline of LOX recirculation line located radially at ) = 33°kS |. 
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TABLE LIP (Cont imtied) 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT: ET PROTUBERANCE - PT), 


GENERAL DESCRIPTION: LOX pressure line on Tank Too. 


MODEL SCALE: 0.0040 


DRAWING NO.: VL78-000062B 


DIMENSIONS: FULL SCALE 
Leading edge at: Xn 355.90 
| Yq 6.0 
Trailing edge at: Xn 2060.5 
Yop 87.0 


Centerline of LOX pressure line located radially at 9 = 2302), 
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MODEL SCALE 
1.424 
0.02h 
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TABLE Lid Glontinued) 
MODEL DIMENSIONAL DATA 


MODLL COMPONENT: NOSE CONE LINES - PToo 


GENERAL DESCRIPTION: Maximum cross-sectional area simulating the LOX 
pressure line and electrical conduit on top of external tank (Too) nose 


cone area. 


MODEL SCALE: 0.0040 


DRAWING NOQ.:; 


DIMENSIONS: FULL SCALE MODEL SCALE 
Leading edge at: Xp 360 .92 1.444 
Yr 34.0 : 0.136 
railing edge at; Xp 955.1 3-820 
Yr 336.5 1.346 


% 
Centerline of lines located radially at gp = 33°K5 ‘ 


pew tae tobe 


“ 


* 
4 
f 
¥ 
; 


» ESF TENS ROS 


TABLE III (Continued) 




















sl MODEL DIMENSIONAL DATA 
t MODEL COMPONENT : EXTERNAL TANK - Tog 
i GENERAL DESCRIPTION : Externe) Oxygen-Hydrogen tank 
: _MODEL SCALE: 0.0040 
| ; DRAWING NUMBER: _VL72-000121, VL7B-00C062 
DIMENSIONS : FULL SCALE MODEL SCALE 
Length, In. (Nose @ X=328.92) —— LANES .905_ be Oe 8 
; Mox Width Dia, In. @ X,=975.675 —~—3332-~ —1:333__ 
: Max Depth , In. _ 30.2. 233 
Fineness Ratio | isos OUTS __ 5.65713 _ 
Area ~ Fee | 
Max. Cross—Sectional ___ 605.534 ss § 00096 
Major Cross section 294 879 20,0095 
WP of tank centerline (2),In. _400.000_ 0.0064 
| Base (on 330.2 dia.) 59h. 679 0.0095_ 
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TABLE FIE CContinued) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT; SRB PROTUBERANCE - PS7 


GENERAL DESCRIPTION: SRB/ET attach ring: two attach rings and one structural 


ring. 
MODEL SCALE: 0.0040 
DRAWING NO.: VLT77-000066 


DIMENSIONS (DATA FOR 1 OF 2); 


Centerline at Xp 
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TABLE III (Continued) 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT : SRB PROTUBERANCE ~ PS2Q as 
GENERAL DESCRIPTION : Electrical tunnel on SRB side, 30 deg. taper 


leading edge, circular cross section with mounting flange. 


funnel 


dascontinued from Xp = 1504.25 to 1517.75 en ee eee 


SCALE; 00,0040 


DRAWING NUMBER: _ _VC77-Q00002A 


DIMENSIONS : 


Length , In. 


Max Width 


Mox Depth 
Radius 
Fineness Ratio 


Area 
Max. Cross—Sectional 
Planform 
Wetted 


Base 


Taper at leading edge, deg. 
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FULL SCALE 
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TABLE TEE Clone tiated) 


MODEL DIMENSIONAL DATTA 
MODEL COMPONENT: Tie-DOWN STRUCTURE - PS-g / 


GENERAL DESCRIPTION: Tie-down lugs cn shroud of solid rocket motor booster. 
/ 


MODEL SCALE: 0.004 


DRAWING NO.: VL77-000066 


DIMENSIONS: FULL SCALE MODEL SCALE 
Number of tie-down lugs L, 4 
Length, In. 64.00 0.256 
Width, In. 13.00 0.052 
Max. Height (at T. E.) 8.334 0.033 
Angular position (from vertical), Deg. _ 6 60 
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TABLE [11 (Cone luded ) 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT : BOOSTER SOLID ROCKET MOTOR ~ 5232 


GENERAL DESCRIPTION : The BSRM is an external propulsion system which 


is jettisoned and recoverable after burnout. 


The BSRM's can be refurtished 


and reused after recovery. 


MODEL SCALE: 0.0040 
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DRAWING NUMBER: _¥C77-000002C,, VC70~-000002A , VC72-000002C a ¢ 


DIMENSIONS . 


Length, In., 


Mox Width, Tank Dia., 


Max Depth , Aft shroud dia., In. 


Fineness Ratio 
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Max. Cross—Sectional 


Planform 


Wetted 


Base 


WP of BSRM centerline (Zr) 


FS of BSRM nose (Xr) 


BP of BSRM centerline (Yr) 


In. 


FULL SCALE 
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MODEL SCALE 
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TABLE [V - SOLID PLUME COORDINATES 

M= 4.4 | : 

Re = 45.36 in. 
R/Re X/Re 
1.000 .0000 i 
1.222 .2398 <' 
1.428 .4709 ‘ae 
1.618 6936 ! 
1.859 9871 : 
2.202 1.4240 7 
2.503 1.8250 
2.915 2.4020 
3.319 3.0010 
3.723 3.6320 
4.127 4.2980 
4.883 5.6380 
5.670 7.1800 
6.381 8.7160 
7.128 10.5100 j 
7.784 12.2600 
8.386 14.0400 
9.002 16.0500 
9.552 18.1000 
10.010 20.0400 
10.410 21.9000 
10.790 23.8700 
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